The increase in the number of devices with a massive revolution in mobile technology leads to increase the capacity of the wireless communications networks. Multi-user Multiple-Input Multiple-Output is an advanced procedure of Multiple-Input Multiple-Output, which improves the performance of Wireless Local Area Networks. Moreover, Multi-user Multiple-Input Multiple-Output leads the Wireless Local Area Networks toward covering more areas. Due to the growth of the number of clients and requirements, researchers try to improve the performance of the Medium Access Control protocol of Multi-user Multiple-Input Multiple-Output technology to serve the user better, by supporting different data sizes, and reducing the waiting time to be able to transmit data quickly. In this paper, we propose a Clustering Multi-user Multiple-Input Multiple-Output protocol, which is an improved Medium Access Control protocol for Multi-user Multiple-Input Multiple-Output based on MIMOMate clustering technique and Padovan Backoff Algorithm. Utilizing MIMOMMate focuses on the signal power which only serves the user in that cluster, minimizes the energy consumption and increases the capacity. The implementation of Clustering Multi-user Multiple-Input Multiple-Output performs on the Network Simulator (NS2.34) platform. The results show that Clustering Multi-user Multiple-Input Multiple-Output protocol improves the throughput by 89.8%, and reduces the latency of wireless communication by 43.9% in scenarios with contention. As a result, the overall performances of the network are improved.
Introduction
Wireless Local Area Network (WLAN) becomes an important technique in our life in recent years. However, the applications that used this technology require a lot of bandwidth. Telecommunications manufacturing plays an important role in wireless communication, which leads to the widespread acceptance of cell phones and wireless computer networking. Moreover, the number of users who used the network increases dramatically. Therefore, the capacity of current wireless communications networks has also increased. As a result, services require high data rate, great capacity, high quality, growth throughput and spectral efficiency. Therefore, various technologies are proposed to improve the wireless networks to meet the demands of users [1] .
The latest technology is Multi-user Multiple-Input Multiple-Output (MU-MIMO), which produces by IEEE 802.11ac to improve the efficiency of WLAN.
Modifying the Medium Access Control (MAC) protocol in IEEE 802.11ac is the new research area. One of the existing technologies that modified the MAC protocol to work on the MU-MIMO introduces the MIMOMate technique. It forms a cluster for users in the Access Point (AP) in a way to increase the throughput because the throughput of a user highly relies on who transmits simultaneously with it. This technique tries to maximize the gain of MU-MIMO, and to reduce the overhead on the network by allowing the leader of each cluster to content instead of all users using standard 802.11 carrier sense multiple access with the collision avoidance (CSMA/CA) [2] . This work does not explain and clarify the details of communication such as: how the contention between leaders will be, how the members of that leader know that they have to send now, and how different antennas and AP will be communicated together. Moreover, it does not determine when the new contention will start if the current transmission end. In addition, it uses the original backoff algorithm in its CSMA/CA protocol, which is Binary Exponential Backoff (BEB). Our proposed algorithm Clustering Multi-user Multiple-Input Multiple-Output (CMU-MIMO) is designed to improve the communicational aspects in MU-MIMO by utilizing MIMOMates technique and trying to enhance the communication between different antennas to improve the throughput and reduce delay. Firstly, improving the MU-MIMO MAC protocol by applying an efficient Padovan Backoff Algorithm (PBA) in the IEEE 802.11. This algorithm will improve the network performance by enabling a huge reduction of collisions when many users try to entrance the shared wireless medium simultaneously. Also, after making clusters by using MIMOMate, we explain how the contention between leaders will be, and how the members will communicate with the antennas. Moreover, we will discuss about how these antennas will communicate together to service these users. Finally, determining the start of another new transmission. As a result, the MU-MIMO will cover more areas in WLAN, in the term of providing high throughput due parallel data channeling, increasing the capacity by implementing MU-MIMO with MIMOMate in wireless networks, focusing the signal power to serve only the user in that cluster, minimizing the energy consumption and reducing latency of wire-less communication.
The remainder of this paper is organized as follows: Section 2 discusses the background of the main concepts of the paper. Section 3 presents the literature review related to the MU-MIMO MAC protocols. The design of CMU-MIMO protocol that improves the IEEE 802.11n protocol is explained in Section 4. In Section 5, the experiment results are discussed. Finally, the conclusion and future work are presented in Section 6.
Background
Multiple-Input Multiple-Output (MIMO) communication has experienced a conversion from a theoretical concept to a real-world technique in last few years for improving the performance of wireless networks. Studying MAC mechanism for MU-MIMO in WLAN is the main point in this paper. Therefore, this section gives the foundation that helps to understand the basic principles. 
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Overview of MIMO
MIMO is an improved smart antenna that used in wireless communication.
MIMO is a complex technology, although it is widely used for wireless communication as it offers high data rate and throughput without additional bandwidth or spectral frequency. There are two operational modes in MIMO systems: the single-user and multi-user MIMO technologies, respectively.
In the single-user MIMO system, there are only one receiver and one sender, each of them has multiple antennas, which is a point-to-point communication.
In each round, only one station can use the channel to send and receive multiple data so, it does not support sending data to multiple receivers at the same time.
Whereas MU-MIMO is a point-to-multi-point network communication, in this technique, there are many receivers sending/receiving data to AP, and each of them has many antennas [3] .
Quality of Services Concept
The communication through network forms as the basis of any successful communication such as in organizations and institutions. These networks transmit many data that has to reach to users with high resolution and without any delay or error. The set of performances that manage these networks are called quality of services. One of these performance matrices is throughput, which measures the success amount of transmitted data.
In Distributed Coordination Function scenario, each station has its Contention Window (CW) that starts from zero and increases exponentially with each unsuccessful transmitting by using BEB. Also, Distributed Coordination Function delegates stations to keep listening to the network channel. If it is idle for Distributed coordination function Inter Fame Space (DIFS), every station starts reducing a backoff timer that is selected from its CW. The station has fewer backoff successes to access the channel and sends its data. The collision happens if many stations select the same random backoff, In this case, the senders increase their CW and then try to access the channel again [3] .
Literature Review
Recently, MIMO and its versions are a popular technology in wireless communications and there are extensive studies go through it. This chapter provides a comprehensive literature review on the availability of multi-user medium access control and backoff algorithms in WLAN, which has a strong influence on the development of new MAC protocol.
MIMO in Wireless Area Network
An asynchronous MIMO Multiple Packet Reception method is proposed in [4] . 
MU-MIMO MAC Protocol
It is important to design precoding schemes in MU-MIMO system to support co-channel interference in the downlink. Therefore, researchers in [6] designed a precoder by maximizing the signal-to-leakage-and-noise ratio for all clients simultaneously. They compared their method with the zero-forcing precoding technique that forces a constraint on the relation between the numbers of transmitting and receiving antennas. The proposed method outperforms the zero-forcing precoding even when the dimension requirement for zero-forcing solutions is satisfied.
Analyzed and compared two schemes which are single-user MIMO and MU-MIMO with random station distribution scenarios in [7] . In single-user MIMO scheme, there are many symbols transmitted from one station, while in MU-MIMO scheme from many stations as in Multi-Packet Reception in uplink WLAN. Moreover, analyzing and comparing the maximum throughput achievement of both the single user and MU-MIMO schemes in uplink WLANs mode.
The result shows that the MU-MIMO scheme is a good elect for enhancing the effectiveness of the network because it produces high throughput performance for few data load sizes and a huge amount of stations competing, however, the single-user MIMO scheme shows that is uselessness for small-sized packets.
MAC Protocol in MU-MIMO Uplink
A new cluster-based carrier sense multiple access with the collision avoidance scheme is introduced in [8] . This scheme is simple and could be utilized to a distinct infrastructure or ad hoc network. In this protocol, stations and AP are allocated different clusters and stations within the same cluster can send concurrently. Each cluster shares a single backoff, by this the cluster is seen as one node in the wireless network. The contention is done between stations in a different cluster. The result of this proposed method shows that it decreases the collision chance in a network and provides throughput enhancement compared to the other system based on 802.11.
To maximize the gain of MU-MIMO and provides fairness for clients, a new user matching MAC protocol is present in [2] which is MIMOMate, a leader-contention-based MU-MIMO MAC protocol. In this protocol, the clients are groups in MIMO-Mates, each MIMO-Mate can send at the same time with only one contending process. The contention is done between the leaders of each group by using a traditional CSMA/CA. The MAC overhead is reduced because it needs a single contention for concurrent transmission. The implementation results and the theoretical analysis proved that this matching protocol could achieve greater throughput compared to the conventional contention scheme using two antenna AP scenarios.
Backoff Algorithms
In order to enhance the effectiveness of 802.11 MAC protocol in Distributed Coordination Function mode, a new Backoff scheme called PBA is proposed in [9] . This algorithm reduces the waiting time and delay of nodes in the network.
It allows CW to increase as Padovan sequences instead of exponentially as BEB.
The simulation results shows that the PBA allows more effective network re-sources utilization and beats the standard BEB scheme in diverse scenarios. In addition, it realizes greater throughput compared to BEB, particularly in a dense network.
After analyzing the behavior of BEB, an Improved Binary Exponential Backoff algorithm is proposed in [10] to enhance the fairness of medium access which is missing in BEB. This improvement is made by modifying the way of growing or shrinking the CW based on a number of frames that transmit successfully. The simulation results show that the Improved Binary Exponential Backoff enhances the fairness and throughput capacity compared to BEB in both the static and dynamic environments.
A new Enhanced Binary Exponential Backoff algorithm is introduced in [11] , to enhance the fairness of channel access in the network. The improvement in Enhanced Binary Exponential Backoff is made by offering some association be- 
Clustering MU-MIMO Protocol
The MAC layer provides channel access control mechanisms to allow several clients to incorporate a shared medium and communicate within a multiple access network. As a result, there are many issues come up with this concept, such as packet collision, delay, and fairness between users. Therefore, the need for designing MAC protocol to deal with these issues has been an active area of research. In this section, the main idea and the detailed design of CMU-MIMO MAC protocol are presented. CMU-MIMO protocol applies Padovan backoff protocol. In addition, it improves MU-MIMO protocol by using the MIMOMate clustering technique.
Padovan Backoff Algorithm
Wireless networks indicate using radio frequency signals to exchange information and communication among wireless devices. IEEE 802.11 protocol is a famous and extensively used as core MAC protocol in WLAN. With advancing years, the numbers of users that use the wireless network are increasing. As a result, when users try to enter the shared wireless channel simultaneously, it leads to increase the collision problem that will reduce the network performance in the distributed MAC protocol under Distributed Coordination Function mode. To avert such collisions or at least decrease it, the well-known algorithm is used which is BEB [12] .
BEB algorithm tries to increase the CW of users exponentially after every ineffective transmission. Consequently, it may cause an under-utilization of the medium bandwidth, which leads to having needless idle time in the medium. As a result, it leads to increase the delay, lack fairness, low throughput and reduce the overall network performance, especially in the dense network. In this network there are a lot of users that want to occupy the shared channel. Sequential, collisions have a high probability to happen in such type of network. Accordingly, increasing the CW exponentially is not the best solution to deal with the packet loss problem. Since the time selected from the CW might be greater than the required waiting time to guarantee collision-free channel access [9] .
In this paper, we use PBA, to overcome the above problems that faced BEB algorithm. PBA will allow a significant decreasing of the number of collisions and guarantee better controlling of the CW size based on the Padovan sequence number. The main goal of using PBA is to enhance the effectiveness of our IEEE 802.11 MAC protocol and reduce delay when working in Distributed Coordination Function mode and dense network.
CMU-MIMO Protocol
Nowadays, the numbers of clients use the wireless network to communicate concurrently are increasing. Consequently, the needing to explore a new technology to deal with them is increasing. MU-MIMO technology is an exciting development standard that evolved to enable multiuser sending and to receive at the same time. To achieve the benefits of having MU-MIMO technology, we have to consider a good matching clustering mechanism to allow them to use this technology without any wastes of resources. In MU-MIMO, the performance of the user bases on who is sending simultaneously. The existing MAC protocol of MU-MIMO enables all clients to use traditional MAC protocol and competes for the channel, by doing this, the medium time will be wasted and failed to deliver the earning of MU-MIMO.
Making clustering in uplink MU-MIMO is much more challenging than downlink mode because there is no coordination point. The best clustering mechanism that used with uplink MU-MIMO MAC protocol is proposed in [2] , namely the MIMOMate matching mechanism. In MIMOMate, the chain or cluster of clients will be generated to enable them concurrent transmissions. This matching is based on grouping clients whose mediums are more orthogonal to each other to eliminate any interference and maximize the throughput. This MAC protocol that based on MIMOMate allows only at the first stream all clients to compete for the channel. After that, the residual clients connect the simultaneous transmission of its leader in the MIMO-Mate relation. As a result, the less contention environment will reduce the overhead. The proposed MU-MIMO MAC protocol based on MIMOMate [2] suffers from some limitations such as: it does not state clearly how the leader communicates with his members to start transmissions, and how the antennas communicate together.
In addition, it uses an original backoff algorithm that influences the performance of the overall network. Based on the above reasons, the contribution of this paper is to implement the CMU-MIMO protocol that utilize MIMOMate clustering mechanism to deal with these limitations, maximize the throughput and re-duce delay. Figure 1 summarizes the main steps and the following four sub sections present detailed explanations of these steps.
The Proposed CMU-MIMO Protocol
To achieve the goal of our improvement, firstly, we assume a dense network.
Secondly, the number of members in one cluster is identical to the number of antennas in the AP. Thirdly, each antenna (angle) has one member in each cluster and only the leader of the cluster will compete each time. Fourthly, each station has data to send and the transmission time of all stations relatively close to each other. Lastly, the nodes were clustered using the MIMOMate technique.
We propose the following CMU-MIMO algorithms as shown in Figure 2 identify is the Win_cluster. It is used to store the number of the winning cluster in the contention process. After that, the variable used by all antennas tell the members of this cluster that they have to send in this time. The first step of the algorithm is to initialize the global variable as 0, and then apply the MIMOMate matching algorithm to generate clusters. After that, calling the Contention Algorithm that allows the contention between leaders for the first stream to access the channel, which will be described in the following sub section.
Contention Algorithm
The main goal of this algorithm is to start the contention between all leaders when all antennas are idle after each cycle (one cycle means one cluster occupies the channel and has finish off sending). The steps of this algorithm are shown in Figure 3 . First, set the variable Win-cluster to zero when new contention starts.
Then apply CSMA/CA protocol that integrates PBA by all cluster heads, the antenna of the winner will update the value of Win-cluster. After that, all other antennas will know that the value of this variable is changed, and stored the number of new winner cluster. Then all another antenna will communicate with their stations by calling Antennas Communication with the Members Algori-thm.
Finally, the cluster will start the transmission by calling the Transmission Algorithm. These algorithms are explained in the following two sub sections.
Antennas Communication with Members Algorithm
The main goal of this algorithm is to communicate each antenna with the members of the winning cluster. The steps of this algorithm are shown in Figure 4 , the input of this algorithm is the number of the winner cluster. According to the number of antennas in the AP, this algorithm loops to check all antennas. If this antenna is the winner antenna, the algorithm will allow the antenna's station to start sending its data by using the mechanism of handshaking (RTS/ CTS). Otherwise, the antenna will check first if the number of the winner cluster matches its table to fetch the MAC address. After that, add it to the requestto-receive (RTR) frame header, and then broadcast this frame to all its stations.
Therefore, all members of the winner cluster will know that they have to send their data in this cycle. In contrast, if there is no matching then it broadcast an error message.
Transmission Algorithm
This algorithm allows the member of the winner cluster to start its transmission concurrently as shown in Figure 5 . At the beginning, the algorithm will first check if this antenna is not the winner antenna, and then check if the member (station) has data to send or not. If yes, then it starts sending RTS/CTS control message, at last, the station will send the data frames.
Experimental Result and Analysis
In this section, we present the implementation of CMU-MIMO protocol and test its performance. After that we discuss the improvement in performance of CMU-MIMO protocol. We compared the performance of IEEE 802.11n protocol and the CMU-MIMO protocol in terms of throughput and average delay. For better analysis, we have tested our method on different network sizes. The following are the specifications of hardware and software, then the simulation setting we have used to conduct all experimental runs. After that, we present the implementation of PBA and its result. Finally, the implementation of CMU-MIMO protocol and its result will describe.
System Specification
Determining the specification of a system is one of the factors that eases the understanding of results. In this section, we will specify the hardware and software requirement that we used to implement in this paper.
The hardware that used is a computer with 993.4 MB, two processors Intel(R) Core(TM)2 CPU and 4300 @ 1.80GHz processor speed. While the software is an Ubuntu operating system with 9.10 (karmic) release, Kernel Linux 2.6.31-14-generic and GNOME 2.28.1. Moreover, we use NS-2.34 network simulator software. The programming languages that we used in our implementation are C++ and OTCL.
Simulation Setting
To show the performance of implementing CMU-MIMO protocol, we specify the simulation setting parameters in our experiment as shown in Table 1 . Also, we conduct the number of different scenarios that vary between 5 and 11 nodes (maximum size allowed based on memory available). After that, we show the behavior of CMU-MIMO protocol by measuring the throughput and average delay.
Implementation of PBA and Result
PBA is a new scheme that used as a way to reduce the collision that may happen in the IEEE 802.11n WLAN network. In this paper, we modify the 802.11n MAC protocol by replacing BEB with PBA and test its effectiveness on the performance of the network. Also, we compare this algorithm with the BEB as a benchmark. The implementation is carried on the system specification that mentioned above.
How the CW size update is the most affected parameter on the performance of network protocols. The PBA increases the CW of node up to the maximum value CW max after unsuccessful transmission, and resets it to the minimum value CW min after successful transmission according to the following Equation [9] :
Where P represents the Padovan number that calculated by this Equation:
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The recurrence relation is given by this Equation:
How the CW increases comparing to the BEB CW is shown in Figure 6 .
After applying BEB with PBA algorithms on different scenarios with different sizes of network, and taking the average of running these algorithms ten times, we conclude that as the network becomes dense, the throughput increases and the average delay decreases compared to the BEB. Figure 7 shows the result obtained by plotting network size versus throughput that measured in kilo byte per second (Kb/s). As we can see that with the increasing of the number average throughput by 1.6% in PBA compared to BEB.
This proves that the PBA has better and clear performance in large network size than a small one.
The next graph is obtained by plotting network size on the x-axis and average delay on the y-axis that measured in milisecond (ms). As shown in Figure 8 , the PBA has close and similar average delay to the BEB in small network size. Figure 6 . Contention window size. However, when the number of nodes increases, PBA reduces the average delay compared to the BEB by 2.9%. This result expected because the PBA increase its CW slowly and reduce the unnecessary time that nodes must wait to access the channel. From these results, we decide to use PBA instead of BEB in our proposed algorithm.
Finally, we have to mention that in both PBA and BEB the throughput and average delay are inversely proportional to the network size. This means that if the network is dense the number of contending nodes within the same transmission range increase that leads to lower throughput and average delay.
Implementation of Clustering MU-MIMO Protocol and Result
In our implementation, we apply many modifications on different files by adding the clustering concept. One of these files is mac_802.11n MAC protocol, which contains the main functions of handshaking mechanism. After that we compare CMU-MIMO protocol with the IEEE 802.11n protocol as a benchmark.
In the experiments we executed the CMU-MIMO protocol and IEEE 802.11n
protocol on four network sizes; firstly, with network size that allowed making a cluster in CMU-MIMO protocol which is five nodes. This is because we assume the number of nodes in each cluster is equal to the number of antennas that found in the AP (which is n0 in our experiment). Then increased to 7 nodes, nine nodes and lastly for 11 nodes (maximum size allowed based on memory available).
Moreover, we ran these two protocols in two cases, the first one is when there is no contention between leaders, while the other one is when there is a contention between leaders that locate and covered by the same antenna. After that, we ran both of these protocols ten times for each network size then we take the average of them in each case. The results obtained from the CMU-MIMO protocol are used to calculate the throughput and the average delay of each network size when we fixed the Transmission Control Protocol (TCP) connection between nodes. Figure 9 shows the scenario with 11 nodes and the channel is occupied by the members of first cluster n1, n2 and communicated with the AP (n0). Figure 9 . A sample of output scenario with 11 nodes, where n0 is the AP and the first cluster with red color (n1, n2) occupy the channel and communicate with the AP (n0).
In this scenario, we have five clusters, in each one there are two nodes and n0 setting as AP. The description of this scenario is shown in Table 2 . The next subsections discuss the results obtained from case 1 and case 2 AP.
Scenario with No Contention
As shown in Figure 10 , we obtained the first case by plotting network size and throughput, which is measured in kilo byte per second (Kb/s), on x and y-axis respectively. Each line represents the result of applying CMU-MIMO protocol and the IEEE 802.11n corresponding with different network sizes used in our experiments. As we can see that with the increasing of the number of nodes, there is a considerable increase in the throughput in CMU-MIMO protocol by 0.99%, while in the IEEE 802.11n, we can see that there is inconsistency in the value of through put.
The next graph is obtained by plotting network size on the x-axis and average delay that, measured in millisecond (ms), on the y-axis. As shown in Figure 11 , each line represents the result of applying CMU-MIMO protocol and the IEEE 802.11n corresponding with different network sizes used in our experiments.
The graph shows clearly that CMU-MIMO minimizes the average delay by 0.06% in dense network. Figure 10 . Throughput in the first case when there is no contention between nodes.
Scenario with Contention
In the second case, as shown in Figure 12 , we obtained by plotting network size and throughput, that measured in kilo byte per second (Kb/s), on x and y-axis respectively. Each line represents the result of applying CMU-MIMO protocol and the IEEE 802.11n corresponding with different network sizes used in our experiments. As we can see clearly that CMU-MIMO protocol has better performance by 89.8% than IEEE 802.11n in term of throughput when there is a contention between nodes to access the medium. Therefore, we can conclude that the CMU-MIMO protocol solves the contention problem that IEEE 802.11n
suffers from it, and lets all the nodes to have full and very high contention that leads to enter in a waiting time until the time is ended and each one waits for the other to start sending.
In Figure 13 , we have plotted network size versus average delay that measured in millisecond (ms), where problem size is on the x-axis and average delay is on Figure 11 . Average Delay in the first case where there is no contention between. From the results shown above, we can conclude that the CMU-MIMO protocol improves the performance of overall network by increasing the throughput and decreases the average delay.
Conclusions and Future Work
Recently, there is a noticeable increase in the number of wireless communication users. At the same time, the technologies that meet the requirements are improved. MU-MIMO is an advanced method of MIMO that can serve many users simultaneously, thus, the MU-MIMO improves the overall network communication. In this paper, we proposed a CMU-MIMO protocol, which is an improved MAC protocol for MU-MIMO based on MIMOMate mechanism and PBA.
Based on our results, we concluded that CMU-MIMO protocol decreases the average delay by 43.9% and increases the throughput of wireless communication by 89.8%. Therefore, a considerable improvement in performance of IEEE 802.11n is observed.
In future work, we will test CMU-MIMO in large network size by increasing the number of stations. Moreover, we will relax the assumptions in CMU-MIMO protocol by increasing the numbers of members in one cluster, considering the case if the number of members is less than the number of antennas, utilizing all the antennas of AP in case of there are some stations in the winner cluster does not have data to send and if the transmission times between stations are different. Finally, measuring other metrics such as fairness to provide the quality of services will be considered.
